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© Thermoplastic elastomer composition. 



© The present invention provides a thermoplastic elastomer composition excellent in oil resistance. This 
composition comprises a partially crosslinked mixture of (A) an ethylene copolymer rubber comprising ethylene 

Sand an acrylate ester or a methacrylate ester and (B) an olefin polymer and. if necessary, (C) an olefin 
copolymer rubber. 
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THERMOPLASTIC ELASTOMER COMPOSITION 



BACKGROUND OF THE INVENTION 



The present invention relates to a thermoplastic elastomer composition excellent in oil resistance. More 
5 particularly, it relates to an oil-resistant thermoplastic elastomer composition which comprises a dynamically 
crosslinked mixture of an ethylene copolymer rubber comprising ethylene and an acrytate or methacrylate 
ester and an olefin polymer at a specific ratio, or a dynamically crosslinked mixture of an ethylene 
copolymer rubber comprising ethylene and an acrylate or methacrylate ester, an olefin polymer and an 
olefin copolymer rubber comprising ethylene and o-olefin at a specific ratio. 
io Thermoplastic elastomers, which are hereinafter referred to as "TPEs". have been developed for 
various fields such as automobile parts, electric appliance parts and mechanical parts because of their 
characteristics that valcanizing step is not required in comparison with vaicanized rubbers and they can be 
processed by ordinary molding machine for thermoplastic resins. Among them, olefin TPEs are known, for 
example, in Japanese Patent Kokai No. 48*26838, as being superior in balance of price and properties. 
75 Thus, their use has been developed. 

Recently, however, with rapid progress of technique in various industries such as of automobile, electric 
appliance and machinery, the olefin TPE has been required to have various properties for various parts. 
Especially, due to less oil resistance from vaicanized rubbers, the olefin TPE became unsatisfactory for a 
wide range of application. 

20 In order to improve oil resistance, attempts have been made to increase crossilnking degree of olefin 
copolymer rubber In olefin TPE by increasing content of olefin polymer or adding inorganic filler. 

However, even if oil resistance can be improved by decreasing content of olefin copolymer rubber or 
increasing crossilnking degree of the olefin copolymer rubber, this, in turn, causes reduction of flexibility, 
deterioration of compressive permanent set and decrease of flowability upon processing and thus it was 

25 difficult to obtain a TPE composition superior in balance of properties. 



SUMMARY OF THE INVENTION 



The object of the present invention Is to provide a TPE composition which is improved in oil resistance 
while retaining a compressive permanent set of olefin TPE to the extent that no practical problem occurs. 

The above object has been accomplished by a thermoplastic elastomer composition which comprises a 
partially crosslinked mixture comprising an ethylene copolymer rubber (A) comprising ethylene and an 
35 acrylate or methacrylate ester and an olefin polymer (B), or a partially crosslinked mixture comprising said 
ethylene copolymer rubber (A), said olefin polymer (B) and an olefin copolymer rubber (C). 



DESCRIPTION OF THE INVENTION 

40 

The present invention will be explained below In detail. 

(1) The components of the ethylene copolymer rubber (A) are (a) ethylene and (b) an acrylate or 
methacrylate ester. The acrylate or methacrylate ester (b) is an ester with an alcohol of 1 - 8 carbon atoms. 
45 Examples of (b) are methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, butyl acrylate, 
butyl methacrylate, tert-butyl acrylate, tert-butyl methacrylate, 2-ethylhexyl acrylate and 2-ethylhexyl 
methacrylate. These may be used alone or in combination of two or more. 

Molar ratio of ethylene (a) to acrylate or methacrylate ester (b) Is 50 - 85 : 50 - 15, preferably 58 - 80 : 
42 - 20. 

so When content of acrylate or methacrylate ester (b) is more than 50 rnol%, the resultant elastomer is 
difficult to use at low temperature as its embrittlement point Increases. When it is less than 15 mol%, 
sufficient elasticity as elastomer or copolymer cannot be obtained. 

The ethylene copolymer rubber (A) may be copolymerized with at least one of unsaturated glycidyl 
esters, acid anhydrides, unsaturated compounds having carboxylic acid group and the like (hereinafter 
referred to as "third component"). 
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Examples of the unsaturated glycidyl esters are glycidyl acrylate, glycidyl methacrylate, diglycidyl 
itaconate, triglycidyl butenetricarboxylate and glycidyl p-styrenecarboxylate which are disclosed in Japa- 
nese Patent Kokoku No. 46-45085. 

Examples of the unsaturated compounds containing carboxylic acid group are acrylic acid, methacrylic 
s acid.malelc acid and half esters of malelc acid. 

Example of the acid anhydrides is malelc anhydride. 

Amount of the third component is 0.05 - 5 mol%, preferably 0.1 - 3 mol% per sum of components (a) 
and (b). 

It is also possible to copolymerize the ethylene copolymer rubber (A) with other comonomers 
70 copolymerizable with ethylene. Examples of these comonomers are Isobutylene, styrene and derivatives 
thereof, vinyl acetate and hydrogenated olefins such as tetrafluoroethylene and hexafluoropropylene. 

The ethylene copolymer rubber (A) can be prepared by known processes such as free-radical initiated 
bulk polymerization, emulsion polymerization and solution polymerization. A typical polymerization process 
is disclosed in Japanese Patent Kokoku No. 46-45085. For example, it can be prepared under the 
75 polymerization conditions of pressure of at least 500 kg/cm 2 and a temperature of 40 - 300* C In the . 
presence of a polymerization initiator which produces free radical. 

The ethylene copolymer rubber (A) used in the present invention which is prepared by copolymerization 
of the above-mentioned components has a melt index as specified by J IS K6791 of 0.5 - 500 g/10 min, 
preferably 0.5 - 50 g/10 min at 190* C. 
20 (2) The olefin polymer (B) used in the present invention is a polypropylene or a copolymer of propylene 
with a-olefin of 2 or more carbon atoms. 

Examples of the a-olefin having 2 or more carbon atoms are ethylene, 1-butene, 1-pentene, 3-methyl-1- 
butene, 1-hexene, 1-decene, 3-methyl-1-pentene, 4-methyM-pentene and 1-octene. 

These polymers have a melt index of 0.1 -100 g/10 min, preferably 0.5 - 50 g/10 min. When melt index 
25 is lower than 0.1 g/10 min or is higher than 100 g/10 min, problems occur in processability. 

(3) The olefin copolymer rubber (C) used In the present invention is an amorphous and random elastic 
copolymer mainly composed of olefin such as ethylene-propylene copolymer rubber, ethyiene-propylene- 
non-conjugated diene rubber, ethylene-butene-non-conjugated diene rubber and propylene-butadiene 
copolymer rubber. Among them, ethylene-propylene-non-conjugated diene rubber is especially preferred. 

30 The non-conjugated diene includes dicycloperttadiene, 1,4-hexadiene, cyclooctadiene, methylene norbor- 
nene and ethylidene norbornene. Ethylidene norbornene is especially preferred. 

More typical example is an ethylene-propylene-ethylidene norbornene copolymer rubber, referred to as 
"EPDM" hereinafter, which comprises a propylene content of 10 - 55 % by weight, preferably 20 - 40 % by 
weight and an ethylidene norbornene content of 1 - 30 % by weight preferably 3 - 20 % by weight and has 
as a Mooney viscosity at 100* C [MLi +* (100* C)] of 50 - 350, preferably 150 - 300. 

When propylene content is lower than 10 % by weight, flexibility is lost and when it is higher than 55 % 
by weight, mechanical characteristics deteriorate. When ethylidene norbornene content is lower than 1 % 
by weight, mechanical characteristics deteriorate and when it is higher than 30 % by weight, Injection 
moldability is inferior. When Mooney viscosity at 100* C [ML,*4 (100* C)] is lower than 50, mechanical 
40 characteristics are lost and when it is higher than 350, appearance of molded products is damaged. 
EPDM may be produced by known processes. 

An dil-extended olefin copolymer rubber, referred to as "oil-extended EPDM" hereinafter, may be used 
as the component (C). The oil-extended EPDM contains a mineral oil type softening agent in an amount of 
150 parts by weight or less, preferably 120 parts by weight or less per 100 parts of EPDM. When content of 
45 the softening agent is more than 150 parts by weight, deterioration in processability or properties is 
significant Besides, bleeding of the softening agent occurs on the surface of composition resulting in stain 
and sticking of products. 

Oil extension of EPDM can be performed by known methods. For example, oil extended EPDM can be 
obtained by adding a predetermined amount of a mineral oil type softening agent to an EPDM solution and 
so then removing solvent by such a method as steam stripping. EPDM solution obtained by polymerization is 
easier in operation. 

(4) Compositional ratio (% by weight) of ethylene copolymer rubber (A) to olefin polymer (B) in the 
olefin TPE composition of the present invention is 40 - 95 : 5 - 60, preferably 50 - 90 : 10 • 50. When 
amount of ethylene copolymer rubber (A) is less than 40 % by weighthardness increases and when It is 

55 more than 95 % by weight, moldability deteriorates. 

In case of a mixture comprising the above (A) and (B) and additionally the olefin copolymer rubber (C), 
the ratio (% by weight) of (A), (B) and (C) is 5 - 90 : 5 - 60 : 5 - 85, preferably 10 - 80 : 10 - 50 : 10 - 80. 
When content of ethylene copolymer rubber (A) is less than 5 % by weight effect to improve oil resistance 
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is poor and when it is more than 90 % by weight, moldability deteriorates. When content of olefin polymer 
(B) Is less than 5 % by weight, fiowability reduces resulting In inferior appearance of molded products and 
when it is more than 60% by weight, flexibility decreases. When content of olefin copolymer rubber (C) is 
more than 85 % by weight oil resistance decreases to cause deterioration of compressive permanent set 

5 and hence olefin copolymer rubber (C) is used generally in an amount of 80 % by weight or less. 

(5) As organic peroxides for partially crosslinking the mixture of (A) and (B) or (A), (B) and (C), mention 
may be made of 2.5-dimethyl-2,5-dl(t-butylperoxy)hexane, 2,5-dlmethyl-2,5-di(t-butylperoxy) hexyne-3,1,3- 
bis(t-butylperoxyisopropyl) benzene, 1,1-di(t-butylperoxy) 3,5,5-trimethylcyclohexane, 2,5-dimethyl-2,5-di- 
(peroxybenzoyl) hexyne-3 and dicumyl peroxide. Among them, 2,5-dimethyl-2,5-di(t-butylperoxy) hexane is 

10 especially preferred from the point of smell and scorch. 

Amount of the organic peroxide can be 0.03 - 2.0 parts by weight per 100 parts by weight of total 
amount of (A) and (B) or (A), (B) and (C). If the amount is less than 0.03 part by weight, effect on 
crosslinking reaction is small and if it is more than 2.0 parts by weight, it is difficult to control the reaction 
and besides such amount is not economical. 

15 (6) A crosslinking aid can be added at the time of crosslinking in preparation of the present 
composition. Examples of the crosslinking aid are peroxide crosslinking aids such as N.N'-m-phenylenebis- 
maleimide, toluylenebismaleimide, p-quinonedioxime, nitrobenzene, diphenylguanldlne and trimethylol- 
propane and polyfunction^ vinyl monomers such as divinylbenzene, ethylene glycol dimethacrylate, 
polyethylene glycol dimethacrylate, trimethylolpropane trimethacrylate and aliyl methacrylate. Addition of 

20 such compound brings about homogeneous and gentle crosslinking reaction and a reaction between (A) 
and (B) or among (A), (B) and (C) and thus mechanical characteristics can be improved. 

Amount of the peroxide crosslinking aid or the polyfunctional vinyl monomer added can be 0.01 - 4.0 
parts by weight, preferably 0.05 - 2.0 parts by weight per 100 parts by weight of total amount of (A) and (B) 
or (A), (B) and (C). If the amount Is less than 0.01 part by weight the effect is not sufficiently exhibited and 

26 more than 4 parts by weight is not economical. 

(7) A typical process for producing TPE composition by partial crosslinking of a mixture of (A) and (B) 
or (A), (B) and (C) will be explained below. 

To a mixture of ethylene copolymer rubber (A) and olefin polymer .(B) or a mixture of ethylene 
copolymer rubber (A), olefin polymer (B) and olefin copolymer rubber (C) are added an organic peroxide 

30 and, if necessary, a crosslinking aid at a specific ratio and the resulting mixture is dynamically heat-treated, 
namely, melted and kneaded. Known non-open Banbury mixer, twin-screw extruder, etc. are used as 
kneading apparatuses. Kneading may be carried out at 150 - 300* C for about 1 - 30 minutes. In preparation 
of this composition, if necessary, there may be further added auxiliary materials such as inorganic filler, 
antioxidant weathering agent antistatic agent softening agent and coloring pigment. 

35 Preferred method for mixing and kneading ethylene copolymer rubber (A), olefin polymer (B), olefin 
copolymer rubber (C), organic peroxide and other materials is as follows: A mixture of ethylene copolymer 
rubber (A), an oil-extended olefin copolymer rubber comprising olefin copolymer rubber (C) and a mineral 
oil softening agent and olefin polymer (B) and, if necessary, a crosslinking aid and auxiliary materials 
blended at a specific ratio is sufficiently kneaded and homogenized at 150 - 250* C by a known non-open 

40 type kneader such as Banbury mixer, and then the resulting composition is blended with an organic 
peroxide by an enclosed mixer such as tumbler or super mixer. Thereafter, the blend is dynamically heat- 
treated at 200 - 300* C by a twin-screw continuous extruder which can afford strong kneading power. 

The auxiliary materials can be added at any stages of production of the present composition or at 
processing step or at the time of using the product after processing. 

45 The following non-limiting examples will explain the present invention in more detail. 



Examples 1 - 7 and Comparative Examples 1 - 5 

so The components as shown in Tables 1 and 2 (in part by weight) were kneaded by Banbury mixer at 
170 - 190* C for 7 minutes and then a palletized master batch was prepared therefrom using an extruder. 

Then, this master batch was uniformly blended with an organic peroxide Sanperox® (manufactured by 
Sanken Kako Co.) at a ratio as shown in Table 1 for 10 minutes by Henschel mixer.^ 

The resulting blend was subjected to dynamic heat treatment at 250* C t 10* C for 70 seconds by a 
55 twin-screw extruder (Tex 44 manufactured by Nippon Seikosho Co.) which can give a strong kneading 
power, and was pelletized to obtain a thermoplastic elastomer. 

A sample for measuring oil resistance was prepared by cutting out a test piece of 20 mm x 20 mm x 2 
mm from a plate obtained by molding the above pelletized thermoplastic elastomer by an injection molding 
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machine (Model FS-75N manufactured by Nissei Jushi Co.) under the following molding conditions: Molding 
temperature: 220 'C; Mold temperature: 50 *C; Injection: 10 seconds; Cooling: 30 seconds; Injection 
pressure: minimum filling pressure necessary for complete filling in the mold plus 2.5 kg/cm 2 ; Shape of 
mold: 150 mm x 90 mm x 2 mm with a pin gate. 
5 Oil resistance was evaluated by measuring weight change after 22 hours at 70' C in accordance with 
JIS K-6301 using JIS No. 1 oil and JIS No. 3 oil. 

Compressive permanent set (c. set (%)) was evaluated in accordance with JIS K-6301 at a strain of 25 
% at 70* C for 22 hours. Instantaneous value of Shore hardness A was employed as hardness. 

to Table 1 
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Table 2 
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*1); Ethylene copolymer rubber (A): 

Ethylene /methyl acrylate (weight ratio) =* 47/53 
ML 1+4 (100°C) = 21 

Melt index (190°C, 2.16 kg) ^ 3.0 g/10 min. 

*2): Olefin polymer (B): 

Random type polypropylene "Sumitomo Noblen Z- 
131®" manufactured by Sumitomo Chemical Co. 
Ltd. 
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*3): Olefin polymer (B): 

Homopoly propylene "Sumitomo Noblen FL8013 
manufactured by Sumitomo Chemical Co. Ltd, 



io *4): Olefin copolymer rubber (C) 

Ethylene/propylene {weight ratio) = 50/50 
Amount of dicyclopentadiene (iodine value ■ 8) 



15 



25 



45 



ML 1+4 (121°C) = 60 



*5): Olefin copolymer rubber (C): 

Ethylene/propylene (weight ratio) = 72/28 
20 Amount of ethylidene norbornene (iodine value 

= 12) 

Amount of mineral oil type softening agent » 
50 % by weight, 
ML 1+4 (100°C) = 53 



*6): Softening agent: 
30 "Adekasizer RS-700 ® n manufactured by Adeka 

Argus Co. 

35 *7): Crosslinking aid: 

"Sumif ine BM ® n manufactured by Sumitomo 
Chemical Co. Ltd. 

40 

*8): Organic peroxide: 

"Sanperox APO ® " manufactured by Sanken Kako 
Co. 



As explained hereabove. the present invention provides a thermoplastic elastomer which is improved in 
oil resistance with retaining flexibility and compressive permanent set The thermoplastic elastomer can be 
used for materials in engine room of automobiles which require oil resistance. 



so 

Claims 



55 



1. A thermoplastic elastomer composition comprising the partially crosslinked product of (i) a mixture of 

(A) an ethylene copolymer rubber comprising ethylene and an acryiate ester or a methacrylate ester and 

(B) an olefin polymer or (ii) a mixture of (A) an ethylene copoymer rubber comprising ethylene and an 
acryiate ester or a methacrylate ester, (B) an olefin polymer and (C) an olefin copolymer rubber. 
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2. A composition according to claim 1 Q) wherein the content of the ethylene copolymer rubber (A) is 
from 40 to 95% by weight and that of olefin polymer (B) is from 5 to 60% by weight 

3. A composition according to claim 1 00 wherein the content of ethylene copolymer rubber (A) is from 
5 to 90% by weight, that of olefin polymer (B) is from 5 to 60% by weight and that of olefin copolymer 

5 rubber (C) is from 5 to 85% by weight 

4. A composition according to any one of claims 1 to 3 wherein the molar ratio of ethylene to acrylate 
eester or methacrylate ester In the ethylene copolymer rubber (A) Is from 50:50 to 85:15. 

5. A composition according to any one of claims 1 to 4 wherein the ethylene copolymer (A) additionally 
contains at least one compound selected from unsaturated glycidyl esters, acid anhydrides and unsaturated 

ro compounds containing a carboxyiic acid group. 

6. A composition according to any one of claims 1 to 5 wherein the ethylene copolymer rubber (A) 
additionally contains further comonomers copolymerizable with ethylene. 

7. A composition according to any one of claims 1 to 6 wherein the olefin polymer (B) is polypropylene 
or a propylene/a-olefin copolymer. 

75 8. A composition according to any of claims 1 to 7 comprising as olefin copolymer rubber (C). an 
ethylene-propylene-non-conjugated diene rubber or an oil-extended olefin copolymer rubber containing 150 
parts by weight or less of a mineral oil type softening agent per 100 parts by weight of the olefin copolymer 
rubber. 

9. A process for producing a thermoplastic elastomer composition which comprises mixing 0) (A) an 
20 ethylene copolymer rubber comprising ethylene and an acrylate ester or a methacrylate ester, (B) an olefin 
polymer and an organic peroxide or (it) mixing (A) an ethylene copolymer rubber comprising ethylene and 
an acrylate ester or a methacrylate ester, (B) an olefin polymer, (C) an olefin copolymer rubber and an 
organic peroxide, 

and dynamically heat-treating the mixture. 
25 10. A shaped article formed of a thermoplastic elastomer according to any one of claims 1 to 8. 



8 



JEuropaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 329 288 

A3 



® EUROPEAN PATENT APPLICATION 

© Application number: 89300599.1 © Int Cl. s : C08L 23/08, C08L 23/02, 

C08J 3/24, C08L 33/06, 

© Date of filing: 23.01.89 //(C08L23/08,33:06,23:02) 



* noniy. uo»u*i.oo ur ^40*0/00 


(n) Anolicant* SUMITOMO CHEMICAL COMPANY. 


LIMITED 


@ Date of publication of application: 


Kitahama 4-chome 5-33 


23X8.89 Bulletin 89/34 


Chuo-ku Osaka 541 ( J P) 


© Designated Contracting States: 


© Inventor: Hikasa, Tadashi 


DE FR GB IT NL 


6-3-48 Sodegauramachi-Nagauraektmae 




Klmltsu-gun Chiba 299-02(JP) 


® Date of deferred publication of the search report: 


Inventor Ibukl, Kolchlro 


17.10.90 Bulletin 90/42 


1-14-16 Aobadai 




Ichihara-shl Chiba 299-01 (JP) 




inventor: Hamanaka, Tatsuo 




1-13-53 Aobadai 




Ichihara-shl Chiba 299-01 (JP) 




Inventor: Fukuyama, Masahiro 




98 Sodegauramachi-Daijuku 




Klmltsu-gun Chiba 299-02(JP) 




© Representative: Cresswell, Thomas Anthony 




etal 




J.A. Kemp & Co. 14 South Square Gray's Inn 




London WC1R 5EU(GB) 



© Thermoplastic elastomer composition. 



© The present invention provides a thermoplastic 
elastomer composition excellent in oil resistance. 
This composition comprises a partially crosslinked 
CO mixture of (A) an ethylene copolymer rubber corn- 
uprising ethylene and an acrylate ester or a 
Gjmethacrylate ester and (B) an olefin polymer and, if 
00 necessary, (C) an olefin copolymer rubber. 
CM 

0) 
M 
CO 



Xerox Copy Centre 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 89 30 0599 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to< 



CLASSIFICATION OF THE 
APPLICATION ant C1.4) 



EP-A-0 204 453 (B.P. CHEMICALS LTD) 

* Claims 1-5,8-13; page 3 * 

EP-A-0 247 580 (DU PONT DE NEMOURS) 

* Claims 1-16,23; page 2, line 16 * 



1-9 



1-9 



08 
08 
08 
08 



(C 08 



08 
08 



23/08 
23/02 
33/06 
3/24 
23/08 
33:06 
23:02 ) 



// 



TECHNICAL FIELDS 
SEARCHED (Int. CL4) 



C 08 L 
C 08 J 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



Date of 



of the search 



08-08-1990 



CLEMENTE GARCIA R. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, bot published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

iTm«^berrf"tbe^ame patent family, corresponding 
document 



